We employ a rheological theory to show that circular Taylor Couette flow of a suspension of non-Brownian spheres is less stable than that of a Newtonian fluid, at equal effective viscosity.
I. INTRODUCTION
where ν is the suspending fluid kinematic viscosity,γ = U/∆R is the shear rate, U = ΩR 1 is the velocity of the inner cylinder, and Ω is the rotation speed of the inner cylinder. The 25 experimental results are plotted as a function of the sphere volume fraction ϕ in Fig. 1 26 with the markers, where the onset of instability is expressed by the effective, critical Taylor   27 number:
Here ∆R = R 2 − R 1 is the gap width between the cylinders, and ν eff (ϕ) is the concentration 29 dependent and shear rate invariant, effective suspension viscosity, which was measured in 30
Ref.
[4], and was parameterised by:
The reduction in the critical, effective Taylor number, observed in Fig. 1 the solid and the fluid phase, and the associated, inhomogeneous spatial sphere distribution
35
[6].
36
At small ϕ, the destabilisation of TCF due to non-Brownian spheres has been captured 37 by linear stability analysis of axisymmetric perturbations of the two fluid theory, using a 38 radius ratio of R 2 /R 1 = 1.18 [5] . Under the assumptions of ϕ ≪ 1, and a small sphere
39
Reynolds numberγa 2 /ν ≪ 1, these authors adopt the following momentum equations for 40 the liquid and solid phases:
42
Here u is the fluid velocity, v is the (locally averaged) sphere velocity, p is the fluid pressure, and by assuming u =û cos (ωt), withû and ω constants, such that the sphere velocity is governed by:
, which is solved by:
force is independent of the sphere size, and ϕ is the only non-dimensional parameter that is 50 introduced by the addition of the spheres.
51
The results of the linear stability analysis of Eq. (3) in TCF, are plotted in Fig. 1 
where
is the rate of strain tensor, ∇u is the velocity gradient tensor, u is the velocity vector, α is the stress parameter, which depends on ϕ, and is further explicit dependence of σ on the sphere radius a, since, in Stokesian systems, there are no 77 variables to non-dimensionalise a with.
79
Under the assumption that Ψ is weakly anisotropic, ⟨nnnn⟩ can be expressed as a linear function of the second order moment a = ⟨nn⟩ = ∫ Ψ(n)nnd 2 n as follows [9] :
such that the non-isotropic part of the sphere stress [Eq. (5)] reads:
In xy-shear flow with shear rateγ:
the distribution Ψ is assumed a superposition of isotropic and preferred alignment with the 82 compressive axis n c = (−1, 1, 0)/ √ 2 [10]:
where β is the anisotropy parameter. Combining Eqs. (6, 8), gives the following stress in 84 shear flow:
which reduces to a Newtonian stress for β = 0, and which corresponds to the following 86 effective viscosity:
and the following, relative, second normal stress difference:
and the first normal stress difference is zero by construction
qualitative agreement with the experimental literature. In this work we tune α and β as:
and:
such that Eq. (10) corresponds to the empirical effective suspension viscosity ν eff /ν [Eq.
92
(2)], and relative, second normal stress difference: 
III. STABILITY ANALYSIS

100
TCF is described in cylindrical coordinates: r, θ, z = 1, 2, 3, and is governed by the 101 continuity equation:
and the momentum equation:
The velocity gradient tensor in cylindrical coordinates reads:
We compute the linear stability of the laminar solution to Eqs. (6, 8, 13, 14) , w.r.t. 
111
The base state has a Newtonian character, which corresponds to a shear rate invariant 
The perturbations are governed by the continuity equation [Eq. (13)]:
and by the linearised momentum equations [Eq. (14)]:
and the perturbed stress [Eq. (6)] reads:
where s = conditions (u ′ = 0 on the walls) are written in matrix form:
and the growth rates are found by solving the corresponding generalised eigenvalue problem 
132
The rotation rate Ω is varied to find the onset of instability, which correspond to a sign that for both cases, the minimum, critical, effective Taylor number occurs at k∆R/π ≈ 1.
139
It is furthermore seen, that the spheres are destabilising, i.e. for ϕ = 0.5, the predicted,
140
critical, effective Taylor number is reduced by roughly 40%. due to the total (sphere plus solvent) stress and due to the solvent stress:
By inserting for S the expression for the base deformation rate [Eq. perturbed kinetic energy: 
where the alignment factor: 
V. CONCLUSIONS
185
In conclusion, we have theoretically predicted a destabilisation of the circular Taylor Cou-186 ette flow w.r.t. axisymmetric perturbations, due to the presence of non-Brownian spheres.
187
The non-Newtonian character of the suspension base flow, is characterised by the second 188 normal stress difference, while the first normal stress difference is assumed zero. The desta-189 bilisation can be understood by the alignment between the microstructure and the base 190 deformation.
191
